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Abstract 
Coal mine water hazards, influenced by multiple factors, is a complex and adaptive phenomenon that possesses nonlinear 
dynamic characteristics. It is an engineering accident that may cause great loss of wealth and life. Agent-based modeling and 
simulation (ABMS) is an effective approach to simulate and study complex system. By analyzing the coal mine water hazards 
evolution scheme, this paper developed an evolution model of coal mine water hazards at the micro level, adopting the bottom-up
method, to show the evolution process of coal mine water hazards at the macro level. Netlogo was used to simulate the evolution
process with different system conditions. Vulnerability relationship among influencing factors of water hazards was analyzed to
obtain the evolution pattern in different conditions and the effect with different cure strategies, which is instructive for safety
production in coal mines.   
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1. Introduction 
Most of China's coal mines are in complex hydro-geological conditions [1]. At present, with the extension of coal 
mining depth, hydro-geological conditions became more and more sophisticated, so that water-inrush accidents have 
shown increase in frequency and damage.  According to incomplete statistics, there have been 473 grave coal mine 
water-inrush accidents since year 2000 national wide, and the number of dead and missing people have reached to 
2635 [2].  
Coal mine water hazards, influenced by multiple factors, is a complex and adaptive phenomenon that possesses 
nonlinear dynamic characteristics. Hydro-geological conditions and mining activities are closely related to coal mine 
water hazards [3]. There are many evaluation methods of coal mine water hazards, such as water inrush coefficient 
method [4], vulnerability index method based on GIS, ANN and AHP [5], critical layer analysis method [6], fault 
tree analysis method [7], information fusion analysis method [8], DC [9], TEM [10] and so on. Water inrush 
coefficient method is most widely used, since it is easy understanding physically, and is convenient to calculate. 
However, only pressure and confining layer thickness are considered, so that it failed to describe nonlinear dynamic 
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phenomena that is influenced by multiple factors and has a very complex working mechanism. Therefore, it can not 
meet the requirements of new mining methods and new geological environmental conditions to evaluate water 
hazards. Other methods has made some achievement in analysis and evaluation from angles of water damage control 
factors and physical exploration, but formation and evolution of water hazards has not been studied from the view of 
system science. Therefore, starting from complex systems, this paper tried to study coal mine water hazards with 
Agent-based modeling and simulation (ABMS) method. Some instructive policies were proposed for coal mine 
safety production. 
2. ABMS theory and method 
Agent-based modelling and simulation is an effective approach to simulate and study complex systems at home 
and abroad. Experts from Santa Fe Institute (SFI) believed that essence of complex system is to emerge [11]: any 
parts or their sum could not conduct the phenomenon that a whole system in which all parts interact, supplement and 
coordinate with each other can conduct. Basic unit that has certain autonomy, interactivity, ability to respond is 
called agent. Complex system is usually constituted by multiple types of agent. Agents, and interactions between 
agents and the environment cause the complexity of the system. As a complex system modelling and simulation 
methods, ABMS starts from the micro subjects, adopting bottom-up scheme, to make agents in the system interact 
with each other, through personalized response mechanism design, such as judging, learning, controlling, 
responding, etc, to represent the macro complexity of system. Compared to traditional methods that grasp the overall 
macro-identities, this bottom-up modelling approach expresses the complexity of system more intuitively and more 
realistically, and therefore it is widely used in a variety of complex system simulations. 
Significance of ABMS is about simplifying and abstracting details of a specific stuff or a phenomenon, and 
predicting the evolution process of real event or phenomenon within a certain range of time and space, which is to 
meet the requirements of practical application or scientific research. Agent can be divided into three types: 
deliberative, reactive and hybrid [15], according to their internal structures. Deliberative agents are qualified with 
abilities of complex logical reasoning and learning, emphasizing intelligence of agents, while respond slowly during 
interactions. Reactive agents do not use complex symbolic reasoning, weakening intelligence of agents. They adopt 
the "perception - action" model, strengthening coordination between agents, and between agents and the 
environment, so that they own faster reaction speeds. Hybrid agents contain two levels that the high-level conducts 
knowledge reasoning, and the low-level emphasis on rapid response, which achieves the combination of advantages. 
General steps of ABMS are: (a) Abstract different types of agents, and define their properties to describe the 
current state of the system, according to characteristics of the system. (b) Determine rules of each agent in the 
complex system, referring to existing research results. However, due to complexity of the system, it is difficult to 
quantify the relationship in many areas, so that the determination relies on expert system. (c) Run the model to get 
simulation of follow-up states of the system. Then compare it with the real state, and return the information back to 
the second step, changing parameters get more accurate simulations. 
3. Evolution model of coal mine water hazards based on ABMS 
Formation and occurrence of coal mine water hazards is a complex and adaptive phenomenon, which could be 
taken as the change of water amount in different areas that own different hydro-geological conditions and mining 
activities. Its essence is the states change of various factors affecting the groundwater system. Therefore, by 
analyzing the formation mechanism of coal mine water hazards, you can build coal-based ABMS water damage 
evolution model. 
3.1. Formation mechanism of coal mine water hazards 
According to water-inrush principle, energy accidental release and human error theory, the occurrence of coal 
mine water-inrush is caused by accidental release of surface or groundwater system energy, which is mainly because 
of unreasonable production, to roadway project. Unreasonable production is the inducing factors of energy 
accidental release, while unreasonable drainage system and inappropriate safety relief measures increased the 
damage of water hazards. Conceptual model of water hazards is shown in Fig 1. 
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It can be seen that coal mine water hazards can be divided into four categories: (a) Water. There are surface water, 
pore water, fissure water, the old kiln water and karst water, etc. Energy of hazards can be measured by water 
pressure and water inflow. (b) Channel. Channel is closely related with the impermeable layer, and it affects the 
intercepting effect of impermeable layer. There are natural channels, such as faults, cracks, fallen columns, etc., as 
well as man-made channels, including coal seam roof and floor mining induced fissures, man-made drilling and so 
on. All kinds of water get into the mining area through Channels. Water and channels are the material conditions of 
accidental release of mine water energy, so that mine is in state of insecurity. (c) Mining activities. "Unsafe 
activities” such as production technology, management, operation flaw and human error, etc., are the inducing 
factors of increased water energy, channel activation, increased abnormal water inflow. (d) Drainage and emergency 
measures. The usual problems include: drainage equipment ceased to function, lack of drainage capacity, techniques 
flaws of water hazards control and management defects, etc., which aggravate abnormal water-inrush, leading to life 
and property losses. The above four danger sources are necessary conditions for the occurrence of coal mine water 
hazards. Each problem itself can lead to water hazards.  
Fig.1 Conceptual model of coal mining water hazards 
3.2. Evolution mechanism of coal mine water hazards 
Major controlling factors of coal mine water hazards possess features of nonlinearity and uncertainty, which 
makes coal mine a typical complex system that comes with the significant emergence characteristics. In order to 
simulate the formation process of water hazards, mechanism of functioning elements within the system must be 
clearly described. Also, evolution procedures such as system differentiation and emergence need to be shown 
according to environment changes. Therefore, this paper proposed evolution mechanism of coal mine water hazards 
based on the hydro-geological characteristics of mine and conceptual model of water hazards (see Fig.2). 
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 Fig.2 Evolutionary of coal mining water hazards 
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According to Figure 2, the root causes of coal mine water hazards are complex mine hydro-geological conditions, 
geological structure damage brought by mining activities and ineffective water hazards control techniques. Water 
source and channels determined by hydro-geological exploration. Since the underground environment is complex 
and difficult to measure accurately, data such as water pressure, water yield, permeability, water-richness are also 
needed to judge. Mining activities, such as drilling and tunnelling, are likely to cause geological structure damage, 
resulting in channel activation, sudden water-inrush. Therefore mining activity is an inducible factor. Water hazards 
control techniques considers multiple factors, and is related to the development of relative theory and technologies. 
Hydrophobic ability of the mining area, including the central water storage capacity and pump drainage capacity, is 
considered in this paper. According to mining experience, mine hydro-geology significantly influences mining 
activities and waterproof measures. At the mean time, mining activities may change the hydro- geological 
conditions of mine, and water hazards control techniques have impact on mining activities, which makes the 
relationship between them is extremely complicated. 
3.3. Agent-based evolution model of coal mine water hazards 
Based on evolution mechanism of coal mine water hazards and ABMS theory, starting from the micro individuals, 
this model abstracts four categories agent with the bottom-up method, and they are water agent, channel agent, 
drainage agent, and mining activity agent. Each kind of agent is a group that consists of lots of individuals who have 
their own attributes and rules. Meantime, the four kinds of agents are mixed type that own fast response, interactions 
with the environment and coordination between individuals, so that the individual behaviors could influence the 
whole system. ABMS model of coal mining water hazards is figured in the following: 
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Fig.3 ABMS model of coal mining water hazards 
In Fig. 3, agents are classified by shapes and colours. For instance, there are 3 water agents in the figure, and they 
would accumulate after interaction. The three water agents can represent different types of water sources due to their 
own properties. Each Agent has a simple rule: Water agents accumulate and flow to mining face that depends on the 
permeability of channel agents (water proof layer). Ming activity agents constantly move on the mining face which 
would change the number of water agent and permeability of channel agent. At the same time, drainage agents 
promote the accumulated water on the mining face to flow to central water storage, after which the central water 
storage drains the accumulated water out of the mine. If the central water storage was flooded, accumulated water of 
the mining face will increase dramatically, leading to water hazards. Adjust the number, state and rules of each kind 
of agent to make it reflect the real condition of mines, so that risks of coal mine water hazards and cure effect are 
dynamically predicted. 
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4. Simulation and result 
Numerous software programs exist for modelling ABMS currently. Such as Netlogo, Anylogic, Repast, Swarm 
and so on. Netlogo is easy to code and to operate[16], so that Netlogo is used in this paper. A two dimensional area 
is divided into four parts: water area, channel area, mining activity area, and drainage area.  
4.1. Parameters setting 
Parameters of water resource agent include velocity rank that range form 0 to 5.0, and number that range from 0 
to 1000. Velocity rate represents the speed that water resource agent enters. Water resource area, while number 
represents the quantity of water resource agents accumulating on the water proof layer. The big velocity rank is, the 
fast water agents enter into water resource area, and therefore the more water agents accumulate onto the water 
proof layer. The biggest quantity is 1000, and if it exceeds 1000, the entering velocity turns into 0. Channel 
parameter is permeability that range from 0.9 to 1.0. Notice that permeability here is different from what is it in 
hydro-geology. It only represents the water proof effect evaluated by experts, and a large value means a better water 
proof effect. Sometimes drilling drainage is adopted in the mine which is a purposed action, so that the permeability 
is 0.9. Mining activity is measured by 25*N, which means that the intensity of mining activity increases by 25 times 
each time. The number of mining activity agents influences the number of water resource agent and permeability of 
channel agent. The biggest drainage ability is set at 200, and it increased to 500 after the drainage ability is 
improved. Iteration is set at 5000. Fig. 4 is the operating interface. 
Fig.4 Interface of coal mining water hazards model in Netlogo 
After the ranges of parameters are set, velocity rank and water resource agents are initialized according to the 
practical conditions of mines. Water resource agents enter into water resource area, flow downward and accumulate 
onto channel area. Meanwhile, water resource agents above channel penetrate into mining activity area due to the 
permeability of channel. Mining activity agents move in the mining area if there are any of them, and the number 
would influence the quantity of water resource agents and permeability of channel agent. Drainage agents discharge 
the accumulated water out of mine through drainage area. When it exceeds the biggest drainage ability, drainage 
system loses effectiveness, and therefore the accumulated water could not be discharged. The more water in the 
mining activity area, the higher risk of water hazards happen, and the bigger damage of water hazards. 
4.2. Simulation result 
In this paper, there are 6 scenarios to describe the evolution process of water hazards and the application effect of 
cure technologies. The simulation result is shown in the following figures. See Fig.5. 
In Fig.5, curve ① in each sub-figure is the accumulated water quantity that represents water-richness of the mine. 
② is the intercepted water quantity curve that represents the intercepting effect of water-proof layer. ③ is the 
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accumulated water quantity curve that represents risk levels of water hazards in mining areas. ④ is the drainage 
water quantity of central water storage that represents the drainage ability of the mining area. Fig. 5(a) is the 
simulation of water quantity in each area with a safety mining condition. Accumulated water in the mining area has 
the same trend with the drainage water in drainage area, and the water intercepted by water proof layer keeps a low 
quantity. This is an ideal state that indicates safety production is closely related to the intercepted water, and 
therefore reducing the intercepted water is an effective measurement to deal with water hazards. Fig. 5(b) is the 
simulation of the water quantity in each area with a good condition of water proof layer. Result shows that the 
intercepted water has the same trend with the accumulated water in water resource area which indicates that effect of 
intercepting layer is significantly related with the water-richness of the mine. Therefore, in the high water-richness 
mining area, increasing the thickness of intercepting layer could lower the risk of water hazards. Fig. 5(c) is 
simulation of evolution process of water hazards when water-proof layer is damaged suddenly. Intercepted water of 
water proof layer is set at the limit (close to 1000), and then the permeability is reduced suddenly. Result shows that 
when the water proof layer is damaged suddenly, accumulated water in the mining area increases dramatically. At 
the mean time, drainage area reaches its biggest ability. Balance will not be reached until the accumulated water 
quantity is less than the biggest ability of drainage. This state is similar to baseboard water inrush in high pressure 
mining area, penetrating water inrush in the old kiln area, etc, which are of big threat. In this situation, detecting 
work is remarkably important. Weak prediction may cause huge water hazards accident. Fig. 5(d) is the simulation 
of water quantity under the condition of low drainage ability in each area. Result indicates that when drainage water  
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Fig.5 Simulation Results 
quantity gradually reach the biggest, accumulated water quantity in mining area increase, which is risky to cause 
water hazards. In real life, there are similar accidents. For instance, if there is long time raining in the mining area, 
which may cause increase of water level in rivers and lakes, so that large amount surface water would go into the 
mining area. If the drainage ability is not enough, water hazards accident would happen. In this situation, drainage 
ability is the bottle-neck. Therefore, emergency measurements and drainage equipments should be supplied to 
ensure the accumulated water could be discharged. Fig. 5(e) is the simulation of water quantity change when “water 
shut-off” strategy is adopted. Result indicates that there are relatively more accumulated water in the water resource 
area than the mining area, which means that “water shut-off” could prevent water entering into mining area. In real 
life, “water shut-off” strategies include curtain grouting, baseboard reinforcement, etc. Fig. 5(f) is the simulation of 
water quantity change when drainage ability is improved. Effect of improving drainage ability when water hazards 
accident happens is simulated. Compared to Fig. 5(c), results indicate improving drainage ability could decrease the 
flooded time of mining areas. When water hazards accidents happen in real life, speed up drainage is an important 
way of retrieve the loss. Therefore, some emergency drainage equipments need to be prepared coal mine enterprises 
to cope with water hazards accidents. 
5.   Conclusions 
Coal mine water hazards system is a complex engineering system that processes emergent characteristics. There 
are some strengths adopting ABMS theory to study the evolution of coal mine water hazards: (a) Evolution process 
of mine water hazards is dynamically presented, so that vulnerability relations and the mutual condition relations 
could be lively described. (b) Emergence of complex system could be well represented, so that some principles of 
coal mine water hazards evolution are obtained. New study platform is provided for risk evaluation of coal mine 
water hazards. (c) It got good extension ability, and some mature theories about coal mine water hazards could be 
absorbed. This paper is an initial try in coal mine water hazards study with ABMS theory, so that evolution process 
and cure effects could only be described qualitatively. In the future studies, we intend to conduct some quantitative 
research employing complex system theory and artificial intelligence to describe the evolution process and warning 
work more accurately. So that risk of water hazards could be reduced, and instructions of coal mine safety 
production could be provided. 
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